This paper examines the magnitude of human capital spillovers on unemployment. Using both individual and metropolitan level data, we find that the adult population share of college graduates is negatively associated with the unemployment rate. More specifically, we find that those who reside in MSAs with higher shares of college graduates are more likely to be employed, even after controlling for individual, MSA and state level factors including individual's own education level. The likelihood of being unemployed falls further for the non-college graduates compared to the college graduates. We also find that MSAs with higher shares of college graduates have lower average unemployment rates. This education spillover is not transitory but is an important factor that explains long-term divergences in the MSA unemployment rates.
I. Introduction
This paper investigates the spillover effect of college education on individuals' unemployment.
More specifically, the paper examines whether individuals who live in MSAs with greater shares of adult college graduates have lower propensity of being unemployed after controlling for individual, city and state specific characteristics. Furthermore, the paper tests whether the size of the human capital externality differs between those with and without a college degree.
While the existence of human capital externalities have gained interest for a long time, there have been relatively few empirical studies that estimate the magnitude of education spillover (Moretti, 2004a) . A number of prior studies have looked at various proxies for local educational attainment to estimate the size of human capital spillover effects on wages after controlling for individual, MSA and state level factors (Rauch, 1993; Acemoglu and Angrist, 2000; Ciccone and Peri, 2006; Moretti, 2004b ). Meanwhile, using plant level data, Morretti (2004a) investigates whether manufacturing firms are more productive in cities with higher fractions of collegeeducated workers. However, there has not been a study that looks at the relationship between the level of human capital in a city and individuals' employment status. Exploring this relationship is the heart of our research. This paper contains several novel findings. First, the paper finds that individuals residing in MSAs 3 with higher shares of college graduates are less likely to be unemployed. Furthermore, the size of the education spillover is greater for those without a college degree than it is for the college graduates. This result still hold when the individual level data is aggregated to the MSA level. In other words, MSAs with greater shares of college graduates have lower unemployment rate. Also, the size of this externality is larger for the non-college graduates compared to the college graduates. 3 While some studies use state as their unit of analysis, we focus on MSAs instead of states. MSAs are closer approximations to individual job markets than states. States consist of multiple job markets, which may obscure the relationship between the unemployment rate and the explanatory variables For instance, Dallas, Houston and San Antonio are more or less individual jobs markets, while Texas is not.
Second, the paper estimates long term MSA fixed effect coefficients for unemployment, and then examines how initial conditions might predict these fixed effects. Consistent with prior studies (see Elhorst 2003 for a review), we find a persistent divergence in the MSA unemployment rate. In other words, MSAs with high unemployment rates continues to have high unemployment rates, while the same holds for MSAs with low unemployment rates.
The findings also show that the share of college graduates has a long-term effect on the MSA unemployment rate.
Finally, we test whether wage and house price differentials among MSAs can explain why MSA unemployment rates do not converge in the long run. We find evidence that high wages in low unemployment cities discourage firms from moving to MSAs with low unemployment rates, while high house prices in low unemployment cities discourage individuals from moving to MSAs with better job market conditions. The remainder of this paper is organized as follows: Section II reviews existing literature and provides possible explanations for why high shares of college graduates may reduce unemployment. In section III, we describe the data and methodology. Section IV presents the empirical results and Section V concludes.
II. Existing Literature
This study is closely related to Enrico Morretti's two 2004 papers, which assess the magnitude of human capital spillovers. The intuition behind the first paper is from a well-known model by Roback (1982 Roback ( , 1988 , which shows that firms are more productive in cities with higher overall levels of human capital due to agglomeration effects. Using plant level data, Morretti (2004a) confirms this hypothesis by finding that human capital, measured by the share of college graduates, spills over on productivity. The study shows that productivity of plants located in cities with high levels of human capital is greater than similar plants in cities with low levels of human capital. Since productive firms are likely to hire more workers, the agglomeration induced productivity increase may also affect unemployment. We hypothesize that the abundance of jobs in high human capital places will lead individuals to be more likely to be employed, even after controlling for individual education level.
In another study, Moretti (2004b) finds that workers in cities with higher shares of college graduates have higher wages. This positive effect on wages is greater for those without college degrees owing to both spillover and substitution effects. Not only do these workers benefit from the productivity gains, but they also obtain higher wage as non-college graduates are scarcer in MSAs with greater shares of college graduates. On the other hand, while college graduates also benefit from the spillover effect, greater competition among the college graduates may offset the spillover benefit. Similar logic can be applied to the relationship between education externalities and unemployment. That is, while individuals residing in MSAs with greater college shares will have lower unemployment, the positive externality will be greater for the non-college worker who benefit from both spill over and substitution effects.
Other existing studies have found that education attainment appears to have a consistently downward effect on the regional unemployment rate. In fact, nearly all studies find that areas with greater shares of highly educated adults have lower unemployment rates. (Burridge and Gordon, 1981; Siegers, 1983; Simon 1988; Holzer, 1993) . The existing literature offers several reasons why the share of college educated adults may reduce unemployment in these areas.
First, better educated people may be more likely to be hired and less likely to be laid off as they possesses skills that may be relatively more difficult to replace. Second, regions with low levels of human capital may be caught up in a low-skilled poverty trap. Poor economic performance in these regions may encourage high skill labor to move out of the market, further lowering the average workforce productivity for these regions. (Taylor, 1996) . Third, less educated people are likely to be uncompetitive and thus may face greater barriers for getting jobs in other regions.
Moreover, these people are likely to face greater difficulties in finding a new house that they can afford, which also may prevent them from moving (Evans and McCormick, 1994) . These studies, however, have focused only on the direct effect of educational attainment on unemployment. That is, those with higher levels of education are more likely to be employed compared to those with lower level of education. These studies, however, have overlooked the fact that college graduates may have a positive spillover effect on individuals' employment status, which we define as an indirect effect. If this hypothesis holds, we will find that people living in MSAs with higher shares of adult college graduates will have lower likelihoods of being unemployed, even after controlling for their own education levels. This paper is also related to papers which find persistent divergence in the regional unemployment rate. Studies including Topel and Neumann (1991) and Partridge and Rickman (1997) , find that the regional unemployment gap has been persistent in the U.S., and we do as well. Furthermore, our paper is the first to test whether the share of college graduates explains the long-term unemployment gap. We also examine whether the relationship between the MSA's education level and its long-term unemployment rate differs for college and non-college graduates.
III. Data & Method
Data Our main data sources are the American Community Survey (ACS) and the Decennial Census. A limitation of two data sets is that they are not a panel, so they do not allow us to follow individual employment and unemployment spells. The benefit of the ACS and the Census is that they cover 1 percent (5 percent for the Census) of the U.S. population, which allows us to draw precise inferences from data sets that are carefully constructed to be representative.
We can, however, create a panel data set at the MSA level by aggregating the individual data. In our analysis, we implement both individual level cross-sectional and MSA level panel regressions. The individual sample is restricted to include those who report that they are in the labor force and are between ages 16 and 65. The individual level variables includes employment status, education level, race, tenure, sex and marital status. Thus, the years we use to calculate the college and non-college graduates ' unemployment rate are 1990, 2000, 2005-2011 . For the aggregate unemployment rate, we only present the regression results using the BLS unemployment rate. However, we find that our regression result do not change when we use the unemployment rate we calculated using the Census and the ACS.
5
For example, Neumann and Topel (1991) argue that persistent difference in the regional unemployment rate is attributable to the differences in the covariance structure of sectoral demands for labor. If workers can easily switch between industries, than greater diversification of sectoral demands in a region could reduce its unemployment rate.
More recently, Izreali and Murphy (2003) also find that industrial diversity reduces long-term unemployment rates.
Their study uses the Herfindahl index, the sum of the squares of the shares of each industry within a state, as the proxy of diversity. However, the Herfindahl index may not be a good proxy of industrial diversity as the index does not capture the correlation in labor demand among industries. Herfindahl also does not adequately capture comparisons of regional with nation diversity because the index does not incorporate the relative industrial composition in a region to that of the whole nation. Both study uses state level data. Malizia and Ke (1993) is the only study we are aware of that uses MSA as its unit of analysis. In agreement with the two other studies, this study finds a negative association between unemployment rate and industrial diversity. Industry entropy is used as the proxy for diversity. However, Dissart (2003) criticizes this index as there is no economic justification of why region that areas with greater industrial diversity may have lower unemployment rates as workers could to switch to a firm in another industry when the job market condition in their own industry turns negative. This hypothesis only holds, however, when the workers are mobile across industries and do not endogeneously choose a location with better job opportunities. It is even possible that some workers may prefer a more specialized region if the region provides more jobs for their specific skills. Some firms may correspondently prefer to be located in these regions as they can acquire specific skilled labor at a lower cost. If so, the unemployment rate would be lower in areas with less industrial diversity. The positive relationship between unemployment rate and industrial diversity should be stronger for non-college graduates as these people in general are more likely to hold industry specific skills and face higher cost of migration.
In this paper we use two proxies of industrial diversity. First is national diversity, measured by the following equation:
Where is the ith industry's share of employment in the region, is the national average employment share in the ith industry and N is the number of industries in the region. This index estimates the how the regional employment percentages in each industry deviates from the national averages. The index is based on location quotients (Siegal, Johnson and Alwang, 1995) and increases as the region becomes more specialized. A local economy that is perfectly representative of the national economy would get an index value of zero.
The second proxy is a portfolio variance index. The index is borrowed from the finance theory and is currently the most commonly used (Dissart, 2003) measure of industrial diversification.
The advantage of this index is that it incorporates the interrelationship between the industries.
The index is measured by the following equation.
should have equal shares, given inherent differences in regions. In 1997, the Standard Industrial Classification, which categorized industries into four digit codes, was replaced by the North American Industry Classification System (NAICS). NAICS also was revised in 2002, 2007 and 2012 . In order to obtain a comparable diversity indices we match the two classification systems by the first two digits of the SIC codes. Both diversity indices are calculated at the two digit level. graduates, we see that the college graduates unemployment rate is 6.5 percent lower. The standard deviation of unemployment rate is also lower for the college graduates. Cairo and Cajner (2013) provide one possible reason for this phenomenon. Their study finds that the more highly educated have much lower job-separation rates than less educated people. They suggest on-job training as the main factor that reduces job-separation. More specifically, firms provide more training to highly educated people, so they are less likely to fire these people (Becker, 1993) . Those who receive more training are also less likely to quit their current job because of their company specific skills. (Williamson, 1981) . As a result, both the unemployment rate and the employment volatility are lower for college graduates.
38.1 percent of the people in the sample hold a college degree. The average age is slightly less than 40. Over 63.6 percent of the sample are non-Hispanic White. Hispanic accounts for 17.1 percent followed by Black (13.3 percent). 18.9 percent of people in the sample are immigrants.
Half of the sample are heads while owners account for 65.9 percent. Since the individual sample only includes those in the labor force, the percent of female is lower than that of the male. Over 50 percent of the sample are married and 33 percent are single. 
Method
The main purpose of this paper is to identify whether college graduates produce spillover benefits on unemployment at both the individual and the MSA level. To examine this relationship, the first regression model uses the individual level unemployment data from the ACS from 2005 to 2011. Model (1) estimates the following equation:
P(UE ) = αColl + β%Coll + γ%Coll * NonColl + δX + θY + μZ + τ + φ + ε
,where P(UE ) is the probability that individual i is unemployed at time t, In the current version of this paper, we use the OLS to estimate model (1). When the model is finalized, we will use either the logit or the probit model than calculate the marginal effect. Studies including Angrist and Pischke (2009) suggest that the difference between marginal effect calculated from the linear probability model and the logit or the probit model is minor.
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Unlike the conventional homeownership rate which is measured by dividing owners by heads, the population-immigrants. Z indicates state control variables which are state's maximum wage tax rate, the two political variables mentioned in the data section, and the January temperature. We also add state (τ ) and year (φ ) fixed effects. Finally, ε is the random error term, which is assumed to be normally distributed.
The next model aggregates individual employment status, and uses the average MSA unemployment rate as the dependent variable. The model's purpose is to check whether the results from model (1) still hold at the MSA level. Model (2) is:
Where UE is the unemployment rate of each MSA at time t. We further calculate the unemployment rate of college graduates and non-college graduates using the ACS. Model (2) also estimates the same regression using the unemployment rate of college graduates and the unemployment rate of non-college graduates as dependent variables. The key control variable is %Coll . If MSAs with higher share of adult college graduates have lower unemployment rate only because the college graduates unemployment rate is lower, than α will be negative only in the regression where the dependent variable is the total unemployment rate. In the regressions using college or non-college unemployment rate, α will be zero. On the other hand, if indirect effects exists, then α will be significantly negative for all three measures of unemployment. Again, Y indicates MSA control variables and Z indicates state control variables. The state and the year fixed effect are also included in the equation.
The third model tests whether the share of college graduates has a long term effect on the MSA unemployment rate. In order to examine this relationship, we first regress the MSA unemployment rate on both MSA and year fixed effects from 1990 to 2011, and obtain fixed effect coefficients for every MSA. We use these coefficients as the dependent variable and based ownership rate divides owners with the total number of population. The two different measures of homeownership do not lead to noticeable differences in the results.
estimate the following equation:
, where UE_Fixed are the MSA fixed effect coefficients. We calculated three sets of MSA fixed effects coefficients: one using the BLS unemployment rate, one using the Census/ACS college unemployment rate, and one using the Census/ACS non-college unemployment rate. We then Meanwhile, the final model offers a possible explanation why the households may not move to a MSA with lower a lower unemployment rate. While households may desire to move to areas that offer more jobs, they may not be able to do so as these areas have higher house prices. The high house prices may eliminate incentives to move to areas with lower unemployment. This hypothesis is tested by the following model:
, where HP is the log value of the average American Community Survey house price in each MSA from 2005 to 2011. The model uses the same explanatory variables as models (2) and (4).
When estimated, the individual level model is weighted by the person weight provided by the
ACS and the four MSA models are weighted by the MSA population. Table II for an increase of Democratic House representatives. Finally, the likelihood of being unemployed increases when tested against zero at the 99 percent level of confidence when the January temperature increases, but the magnitude of the coefficient is close to zero. (4)- (6) and the MSA unemployment rate of non-college graduates in columns (7)- (9) 13 . The results in columns (1)- (3) show that the aggregate unemployment rate is lower in MSAs with larger shares of college graduates. If there are no spillover effects, this could be solely due to the fact that college graduates have, in general, lower unemployment rates than high school graduates. If there are no spillovers, the coefficient for the percentage of college graduates in columns (4)- (6) and (7)- (9) should be zero. The results in these columns show that this is not the case. The coefficients in both columns are negative and statistically significant. Furthermore, the absolute size of the percentage of college graduate coefficients are larger in regressions (7)- (9) compared to regressions (4)-(6) This is in line with the results in Table II which shows that the indirect effect of education is greater for the non-college graduates.
IV. Results
As for the other control variables, we find that portfolio variance index has no statistical significance while the national average index shows negative association with all three measures of unemployment. In other words, unemployment is lower in less diversified MSA.
The size of the coefficient is greater for the less educated, consistent with our hypothesis that suggests the lower skilled are more likely to find jobs in specialized areas. BLS all workers, Census/ACS all workers, Census/ACS college graduates, and Census/ACS noncollege graduates. The R-squared is higher for the MSA unemployment rate from the BLS compared to the MSA unemployment rate we calculated using the Census/ACS data. Still the Rsquared is over 76 percent for the ACS unemployment rate. The R-squared for the non-college unemployment rate is higher than the college unemployment rate. This may be due to the fact that better educated people have a greater chance of moving to a location with a better job opportunity as they face relatively lower migration cost (Ganong & Shoag, 2013) . Table VI presents the results of the regression of the MSA fixed effect coefficients on mostly the same independent variables used in table III. Since we did not include the state fixed effects in the regression, we replace the color variable with blue and the purple state dummy 14 . All independent variables are lagged to mitigate endogeneity. The results show that the percentage of college graduates in 1980 has a negative association with total, college and non-college MSA unemployment fixed effect coefficients. This suggests that the share of college graduates has a long-term impact on MSA unemployment. Again, the size of the coefficient is greater for the non-college graduates indicating that college education has both spill over and substitution effect on non-college unemployment rate.
Compared to the previous two results, some differences are observed in the sign and the significance of other control variables. First, the percentage of heads in the 1980s has no relationship with the total and the non-college unemployment fixed effects, while the variable has a positive relationship with the college unemployment fixed effects. The past share of homeowners also has a positive impact on the all three unemployment fixed effects supporting the Oswald hypothesis. In contrast to the result in Table IV , the share of age over 50 has a negative relationship with the total unemployment fixed effects, while the relationship with the other two unemployment fixed effects is insignificant. Share of Whites have negative impact 14 For the regressions with the state fixed effects, it is difficult to explain the dummy variables for Blue and Purple states since the interpretation the variables should be interpreted as changes over time.
only on the non-college unemployment fixed effects. The past share of immigrants lowers the long-term unemployment rate in all three measurements. Wage tax, which did not show any association with any of the unemployment rates in the previous results, seems have a positive long-term effect on all three unemployment rates. MSAs in lagged blue or purple states have higher long term unemployment rate compare to the red states. The lagged share of Democrats also has a positive association with the total unemployment fixed effect while no relationship with shown with the other two fixed effects. Finally, the results show that the January temperature does not have any statistical relationship with the long term MSA unemployment rate.
While the signs and the significance of the some control variables differs in table VI compared to those in table IV, it is noteworthy that the share of college graduates remains negative and significant. This suggests that the share of college graduates are not only positively associated with the current level of unemployment but also reduces the long-term unemployment rate.
The final two tables examine two possible reasons that explain the existing unemployment rate gap among MSAs. Table VII shows that even after including the control variables, the average wage is higher in MSAs with greater shares of college graduates. This is not only due to the fact that college graduates have higher wages (direct effect) but also because the average wage of both college and non-college graduates are higher in MSAs with greater shares of college graduates (indirect effect). The results are in line with Morretti (2004b) . If higher shares of college graduates is associated with higher productivity, firms may choose to move to these locations. This will lower the unemployment rate of the MSAs with greater shares of college graduates, which will eventually lead to an unemployment rate convergence. However, higher average wage in MSAs with higher proportion of college graduates offsets the productivity benefits, encouraging firms to remain in place.
Finally, table VIII shows that the average MSA house values are higher in areas with greater shares of college graduates. This suggests that while households would prefer to move to an area with lower unemployment rates, higher house prices in these locations may hamper them from moving. The barrier will be greater for less educated households, who on average have fewer capital resources. Thus, less well education households may be more likely to remain in place, resulting in a persistent divergence in MSA unemployment rates.
V. Conclusion
Following the rates. Also, the size of this positive externality is greater for the less educated, who benefit from both spillover and substitution effects. Those who received college educations also benefit from spillover effects, but the competition among themselves may reduce the benefit.
The relationship between employment and the share of college educated adults holds whether we test it at the individual level or MSA level, and also remains in place in the long run. We find that the differences in house prices and wages are the two possible barriers that hamper households and firms to migrate, preventing MSA unemployment rates from converging. In equilibrium, firms do not move to cities with higher overall levels of education, as they need to pay higher wages whose costs just match the benefits of productivity gains. The workers are also indifferent among cities, as more productive cities have the higher house prices, that at least partially offsets the higher wages available in areas with higher shares of college graduates. In short, after taking account differences in living costs, real wages equalize across regions, even in the presence of differences in unemployment.
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